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1.  INTRODUCTION 


Dimethyinitramine  (DMNA),  (CH3)2N-N02,  has  been  extensively  studied  as  a  simple  analog 
expected  to  exhibit  some  of  the  reactions  important  in  cyclic  nitramine  decomposition 
(Fluornoy  1962;  Korsunski  and  Dubovitskii  1964,  1967;  Lloyd,  Umstead,  and  Lin  1985; 
McMillen  et  al.  1987;  Nigenda,  McMillen,  and  Golden  1989;  Stewart  et  al.  1989;  Mialocq  and 
Stephenson  1986;  Lazarou  and  Papagiannakopoulos  1990;  Shaw  and  Walker  1977;  Sumpter 
and  Thompson  1987,  1988;  McQuaid  et  al.  1991).  Although  many  of  these  studies  include  its 
gas  phase  dissociation  following  excitation  with  UV  radiation,  a  reference  for  its  gas  phase  UV 
absorption  cross  sections  has  not  been  established.  Since  this  is  an  important  parameter  in 
analyzing  the  results  of  DMNA  dissociation,  we  report  our  results  for  room  temperature  DMNA. 
Absorption  cross  sections  at  selected  wavelengths  between  185  nm  and  325  nm  have  been 
calculated  from  UV  absorbance  spectra  employing  Beer-Lambert's  law. 

2.  EXPERIMENTAL 


The  purity  of  the  DMNA  sample  was  determined  to  be  >  95%  from  mass  spectrometric 
and  IR  absorption  analysis.  Two  different  systems  were  used  to  obtain  absorption  cross 
section  measurements.  In  the  first  system,  UV  absorption  spectra  were  recorded  with  a 
Perkin-Elmer,  Lambda  Array  3840,  Spectrophotometer.  The  measurements  were  made  in  a 
static  cell  which  consisted  of  a  10-cm  long  pyrex  tube  capped  with  LiF  windows.  A  high 
vacuum,  stainless  steel,  gas  handling  system  equipped  with  a  capacitance  manometer  (MKS, 
Model  222B)  was  employed  for  sample  preparation.  Upon  obtaining  the  desired  DMNA 
pressure,  the  static  cell  was  transferred  immediately  to  the  spectrometer,  and  at  least  two 
absorbance  spectra  were  recorded.  It  took  approximately  45  s  to  record  the  range  of  interest, 
190-325  nm.  The  procedure  was  repeated  for  10  gas  samples  ranging  in  pressure  from  50  to 
250  mTorr.  Since  UV  absorption  will  dissociate  DMNA,  several  time  scans  lasting  10  min 
were  taken  to  establish  that  DMNA  depletion  and  concomitant  buildup  of  photoproducts  were 
negligible  under  the  conditions  of  the  experiment. 

The  second  system  used  in  this  study  utilized  a  large,  multipurpose,  stainless-steel 
vacuum  chamber  equipped  with  MgF2  windows.  The  chamber  was  evacuated  by  a 
turbomolecular  pump  facilitating  absorbance  measurements  under  flow  conditions.  This 
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ensured  against  DMNA  depletion  and  photoproduct  buildup,  thus  providing  an  effective  check 
on  the  results  obtained  with  the  static  cell.  The  absorption  path  length  for  this  configuration 
was  35  cm.  The  DMNA  pressure  for  this  system  was  also  measured  with  a  capacitance 
manometer  (Datametrics,  Type  600).  The  light  source  was  an  Hg  pen  whose  spectral  lines 
were  separated  with  an  eighth-meter  monochromator  (ISA  Instruments,  HI 061).  The 
monochromator  was  equipped  with  1.0-mm  slits  producing  an  8-nm  FWHM  band-pass  filter. 
The  light  was  collected  with  a  photomultiplier  tube  (HAMAMATSU,  R955)  and  the  signal  level 
measured  with  a  digital  oscilloscope  (LeCroy,  9200).  The  linearity  of  the  signal  response  with 
respect  to  input  intensity  was  checked  with  neutral  density  filters.  Two  separate  trials,  with  at 
least  10  signal  vs.  pressure  readings  in  the  range  0-250  mTorr,  were  taken  for  Hg  atomic 
lines  at  184.9  nm  and  253.6  nm.  No  absorption  was  observed  for  DMNA  vapor  pressures  up 
to  350  mTorr  using  Hg  atomic  lines  at  302.1  nm  and  312.6  nm. 

3.  RESULTS  AND  DISCUSSION 

A  typical  absorption  spectrum  of  gas  phase  DMNA  obtained  with  the  spectrometer  is 
shown  in  Figure  1 .  This  spectrum  contains  two  distinct  features  whose  maximums  occur  at 
193  nm  (6.4  eV)  and  230  nm  (5.4  eV).  The  absorption  cross  section  (oj  at  selected 
wavelengths  (J  was  obtained  by  applying  Beer-Lambert’s  law.  This  law  may  be  written  as 
follows: 


In  (l/IJ  =  -  ct^Cl=  -  cs-^He, 


(1) 


where  (liter/mole  cm)  is  the  path  absorption  coefficient;  C  (moie/liter)  is  the  concentration; 
f  (cm)  the  path  length;  (cm^)  the  absorption  cross  section;  and  N  the  total  number  of 
molecules  per  cm^.  Employing  the  ideal  gas  law.  Equation  1  may  be  written  as  follows: 

o,  =  2.3  )og,o  (1^1)  X  [n,(P/PJ(T„/T)«]-'.  (2) 

where  (2.6872  x  10'®  part,  cm'^)  is  Loschmidt’s  number;  P^  (760  Torr)  and  T^  (273  K)  are 
standard  pressure  and  temperature;  and  log^Q  (l^/l)  corresponds  to  the  observed  optical 
density.  Figure  1  also  shows  the  discrete  values  obtained  at  184.9,  253.6,  302.6,  and 
312.6  nm  using  the  flow  cell/Hg  lamp  setup  and  222,  226,  248,  and  266  nm  using  the  static 
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cell/spectrometer  system.  The  absorption  cross  sections  obtained  from  the  two  techniques 
are  in  good  agreement.  Presented  in  Table  1  are  the  values  obtained  at  common  UV 
photolysis  laser  wavelengths.  These  results  should  facilitate  future  characterization  of  DMNA 
photolytic  processes  following  UV  excitation. 


Table  1.  Gaseous  Dimethyinitramine  Absorption  Cross  Sections  for  Selected  Wavelengths 


(nm) 

Common  Laser 
Photolysis  Source 

(cm^) 

Standard  Deviation 
(%) 

184.9 

1.7  X  10’’^ 

3 

193 

Excimer  (ArF) 

1.7  X  10’’^ 

— 

222 

Excimer  (KrCI) 

1.2  X  10  ’^ 

6 

248 

Excimer  (KrF) 

7.6  X  10'^® 

12 

253.6 

5.9  X  10'^® 

3 

266 

Nd:YAG  (Quadrupled) 

1.5  X  10'^® 

12 

302.1 

<1  X  10-’® 

— 

308 

Excimer  (XeCI) 

<1  X  10’® 

— 

312.6 

<1  X  10’’® 

— 

^Nominal  value  based  on  limited  data  set. 


The  oscillator  strength  for  the  transition  which  peaks  at  230  nm  was  determined  to  be 
0.13  ±  0.03  in  good  agreement  with  the  experimentally  obtained  solution  phase  value  of 
0.15  reported  by  Stals,  Barraclough,  and  Buchanan  (1969).  Semiempirical  calculations  predict 
an  absorption  band  which  peaks  at  6.42  eV  due  to  a  (^A,  <-  ’A,)  transition  involving 
([nna  o  cnnc]  +  ^  configurations  (Stals,  Barraclough,  and  Buchanan  (1969).  This 

value  is  in  excellent  agreement  with  our  experimentally  observed  value  of  6.4  eV.  The 
semiempirical  calculations  also  predict  transitions  at  5.21  eV  (’A,  <-  ^A^)  and  5.17  eV 
(’Bj  ^A,)  attributed  to  ->  ^  CNC.Noal)  configurations, 

respectively.  These  transitions  are,  however,  lower  in  energy  than  our  observed  band  at 
5.4  eV.  Also,  the  sum  of  the  theoretically  calculated  oscillator  strengths  for  these  transitions 
(0.22)  is  significantly  higher  than  our  experimentally  determined  value  of  0.14  ±  0.03.  Ab  initio 
calculations  aimed  at  improving  the  theoretical  basis  for  understanding  the  electronic 
transitions  of  this  molecule  are  currently  being  considered. 
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4  National  Bureau  of  Standards 
ATTN:  J.  Hastie 

M.  Jacox 
T.  Kashiwagi 
H.  Semerjian 

US  Department  of  Commerce 
Washington,  DC  20234 

1  Aerojet  Solid  Propulsion  Co. 

ATTN:  P.  Micheli 

Sacramento,  GA  95813 

1  Applied  Combustion  Technology,  Inc. 

ATTN:  A.M.  Varney 

P.O.  Box  607885 
Orlando,  FL  32860 

2  Applied  Mechanics  Reviews 
The  American  Society  of 

Mechanical  Engineers 
ATTN:  R.E.  White 

A.B.  Wenzel 
345  E.  47th  Street 
New  York,  NY  10017 

1  Atlarrtic  Research  Corp. 

ATTN:  M.K.  King 

5390  Cherokee  Avenue 
Alexandria,  VA  22314 


No.  of 

Copies  Organization 

1  Atlantic  Research  Corp. 

ATTN:  R.H.W.  Waesche 

751 1  Wellington  Road 
Gainesville,  VA  22065 

1  AVCO  Everett  Research 
Laboratory  Division 
ATTN:  D.  Stickler 

2385  Revere  Beach  Parkway 
Everett,  MA  02149 

1  Banelle 

ATTN:  TACTEC  Library,  J.  Huggins 

505  King  Avenue 
Columbus,  OH  43201-2693 

1  Cohen  Professional  Services 
ATTN:  N.S.  Cohen 

141  Channing  Street 
Redlands,  CA  92373 

1  Exxon  Research  &  Eng.  Co. 

ATTN:  A.  Dean 

Route  22E 

Annandale,  NJ  08801 

1  Ford  Aerospace  and 
Communications  Corp. 

DIVAD  Division 
Div.  Hq.,  Irvine 
ATTN:  D.  Williams 

Main  Street  &  Ford  Road 
Newport  Beach,  CA  92663 

1  General  Applied  Science 
Laboratories,  Inc. 

77  Raynor  Avenue 
Ronkonkama,  NY  1 1 779-6649 

1  General  Electric  Ordnance 
Systems 

ATTN:  J.  Mandzy 

100  Plastics  Avenue 
Pittsfield,  MA  01203 

1  General  Motors  Rsch  Labs 
Physical  Chemistry  Department 
ATTN:  T.  Sloane 

Warren,  Ml  48090-9055 
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2  Hercules,  Inc. 

Allegheny  Ballistics  Lab. 

ATTN:  W.B.  Walkup 

E.A.  Yount 
P.O.  Box  210 

Rocket  Center,  WV  26726 

1  Alliant  Techsy stems,  Inc. 

Marine  Systems  Group 
ATTN:  D.E.  BroderV 

MS  MN50-2000 
600  2ncJ  Street  NE 
Hopkins,  MN  55343 

1  Alliant  Techsystems,  Inc. 

ATTN:  R.E.  Tompkins 

MN38-3300 
5700  Smetana  Drive 
Minnetonka,  MN  55343 

1  IBM  Corporation 
ATTN:  A.C.  Tam 

Research  Division 
5600  Cottle  Road 
San  Jose,  CA  95193 

1  irr  Research  Institute 

ATTN:  R.F.  Remaly 

10  West  35th  Street 
Chicago,  IL  60616 

2  Director 
Lawrence  Livermore 

National  Laboratory 
ATTN:  C.  Westbrook 

M.  Costantino 
P.O.  Box  808 
Livermore,  CA  94550 

1  Lockheed  Missiles  &  Space  Co. 
ATTN:  George  Lo 

3251  Hanover  Street 
Dept.  52-35/B204/2 
Palo  Alto,  CA  94304 

1  Director 

Los  Alamos  National  Lab 
ATTN:  B.  Nichols,  T7,  MS-B284 

P.O.  Box  1663 
Los  Alamos,  NM  87545 


No.  of 

Copies  Organization 

1  National  Science  Fouixlation 
ATTN:  A.B.  Harvey 

Washington,  DC  20550 

1  Olin  Ordnance 

ATTN:  V.  McDonald,  Library 

P.O.  Box  222 

St.  Marks,  FL  32355-0222 

1  Paul  Gough  Associates,  Inc. 

ATTN:  P.S.  Gough 

1048  South  Street 
Portsmouth,  NH  03801-5423 

2  Princeton  Combustion 

Research  Laboratories,  Inc. 
ATTN:  M.  Summerfield 

N.A.  Messina 
475  US  Highway  One 
Monmouth  Junction,  NJ  08852 

1  Hughes  Aircraft  Company 
ATTN:  T.E.  Ward 

8433  Fallbrook  Avenue 
Canoga  Park,  CA  91303 

1  Rockwell  International  Corp. 
Rocketdyne  Division 
ATTN:  J.E.  Flanagan/HB02 

6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

4  Director 

Sandia  National  Laboratories 
Division  8354 
ATTN:  R.  Cattolica 

S.  Johnston 
P.  Mattern 
D.  Stephenson 
Livermore,  CA  94550 

1  Science  Applications,  Inc. 

ATTN:  R.B.  Edelman 

23146  Cumorah  Crest 
Woodland  Hills,  CA  91364 

3  SRI  International 

ATTN:  G.  Smith 

D.  Crosley 
D.  Golden 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 
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No.  of 

Copies  Organization 


1  Stevens  Institute  of  Tech. 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 

Hoboken,  NJ  07030 

1  Sverdrup  Technology,  Inc. 

LERC  Group 

ATTN:  R.J.  Locke,  MS  SVR-2 

2001  Aerospace  Parkway 
Brook  Park,  OH  44142 

1  Sverdrup  Technology,  Inc. 

ATTN:  J.  Deur 

2001  Aerospace  Parkway 
Brook  Park,  OH  44142 

1  Thiokol  Corporation 
Elkton  Division 
ATTN:  S.F.  Palopoli 

P.O.  Box  241 
Elkton,  MD  21921 

3  Thiokol  Corporation 
Wasatch  Division 
ATTN:  S.J.  Bennett 

P.O.  Box  524 
Brigham  City,  UT  84302 

1  United  Technologies  Research  Center 
ATTN:  A.C.  Eckbreth 
East  Hartford,  CT  06108 

3  United  Technologies  Corp. 

Chemical  Systems  Division 
ATTN:  R.S.  Brown 

T.D.  Myers  (2  copies) 

P.O.  Box  49028 

San  Jose,  CA  95161-9028 

1  Universal  Propulsion  Company 
ATTN:  H.J.  McSpadden 

Black  Canyon  Stage  1 
Box  1140 

Phoenix,  AZ  85029 

1  Veritay  Technology,  Inc. 

ATTN:  E.B.  Fisher 

4845  Millersport  Highway 
P.O.  Box  305 

East  Amherst,  NY  1 4051  -0305 


1  Brigham  Young  University 
Dept,  of  Chemical  Engineering 
ATTN:  M.W.  Beckstead 

Provo,  UT  84058 

1  California  Institute  of  Tech. 

Jet  Propulsion  Laboratory 
ATTN:  L.  Strand/MS  512/102 

4800  Oak  Grove  Drive 
Pasadena,  CA  91 1 09 

1  California  Institute  of 
Technology 

ATTN:  F.E.C.  Culick/ 

MC  301-46 
204  Karman  Lab. 

Pasadena,  CA  91125 

1  University  of  California 
Los  Alamos  Scientific  Lab. 

P.O.  Box  1663,  Mail  Stop  B216 
Los  Alamos,  NM  87545 

1  University  of  California, 

Berkeley 

Chemistry  Deparment 
ATTN:  C.  Bradley  Moore 
211  Lewis  Hall 
Berkeley,  CA  94720 

1  University  of  California, 

San  Diego 

ATTN:  F.A.  Williams 

AMES,  B010 
La  Jolla,  CA  92093 

2  University  of  California, 

Santa  Barbara 
Quantum  Institute 
ATTN:  K.  Schofield 

M.  Steinberg 

Santa  Barbara,  CA  93106 

1  University  of  Colorado  at 
Boulder 

Engineering  Center 
ATTN:  J.  Daily 

Campus  Box  427 
Boulder,  CO  80309-0427 
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2  University  of  Southern 

California 

Dept,  of  Chemistry 
ATTN:  S.  Benson 

C.  Wittig 

Los  Angeles,  CA  90007 

1  Cornell  University 

Department  of  Chemistry 
ATTN:  T.A.  Cool 

Baker  Laboratory 
Ithaca,  NY  14853 

1  University  of  Delaware 
ATTN:  T.  Brill 

Chemistry  Department 
Newark,  DE  19711 

1  University  of  Florida 
Dept,  of  Chemistry 
ATTN:  J.  Winefordner 

Gainesville,  FL  3261 1 

3  Georgia  Institute  of  Technology 

School  of  Aerospace  Engineering 
ATTN:  E.  Price 

W.C.  Strahle 
B.T.  Zinn 

Atlanta,  GA  30332 

1  University  of  Illinois 
Dept,  of  Mech.  Eng. 

ATTN:  H.  Krier 

144MEB,  1206  W.  Green  St. 
Urbana,  IL  61801 

1  Johns  Hopkins  University/APL 
Chemical  Propulsion 
Information  Agency 
ATTN.  T.VV.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20707 

1  University  of  Michigan 
Gas  Dynamics  Lab 
Aerospace  Engineering  Bldg. 
ATTN:  G.M.  Faeth 

Ann  Arbor,  Ml  48109-2140 


No.  of 

Copies  Organization 

1  University  of  Minnesota 
Dept,  of  Mechanical 
Engineering 
ATTN:  E.  Fletcher 

Minneapolis,  MN  55455 

3  Pennsylvania  State  University 
Applied  Research  Laboratory 
ATTN:  K.K.  Kuo 

H.  Palmer 
M.  Micci 

University  Park,  PA  16802 

1  Pennsylvania  State  University 
Dept,  of  Mechanical  Engineering 
ATTN:  V.  Yang 

University  Park,  PA  16802 

1  Polytechnic  Institute  of  NY 
Graduate  Center 

ATTN:  S.  Lederman 

Route  1 1 0 

Farmingdale,  NY  1 1 735 

2  Princeton  University 

Forrestal  Campus  Library 
ATTN:  K.  Brezinsky 

I.  Glassman 
P.O.  Box  710 
Princeton,  NJ  08540 

1  Purdue  University 
School  of  Aeronautics 
and  Astronautics 
ATTN:  J.R.  Osborn 

Grissom  Hall 

West  Lafayette,  IN  47906 

1  Purdue  University 

Department  of  Chemistry 
ATTN:  E.  Grant 

West  Lafayette,  IN  47906 

2  Purdue  University 
School  of  Mechanical 

Engineering 

ATTN:  N.M.  Laurendeau 

S.N.B.  Murthy 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47906 
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1  Rensselaer  Polytechnic  Inst. 
Dept,  of  Chemical  Engineering 
ATTN;  A.  Fontijn 
Troy,  NY  12181 

1  Stanford  University 
Dept,  of  Mechanical 
Engineering 
ATTN:  R.  Hanson 

Stanford,  CA  94305 

1  University  of  Texas 
Dept,  of  Chemistry 
ATTN:  W.  Gardiner 

Austin,  TX  78712 

1  University  of  Utah 

Dept,  of  Chemical  Engineering 

ATTN:  G.  Flandro 

Salt  Lake  City,  UT  84112 

1  Virginia  Polytechnic 

Institute  and 
State  University 
ATTN:  J.A.  Schetz 

Blacksburg,  VA  24061 

1  Freedman  Associates 

ATTN;  E.  Freedman 
241 1  Diana  Road 
Baltimore,  MD  21 209- 1 525 


Intentionally  left  blank. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it 
publishes.  Your  comments/answers  below  will  aid  us  in  our  efforts. 

1.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of 
interest  for  which  the  report  will  be  used.)  _ _ 


2.  How,  specifically,  is  the  report  being  used?  (Information  source,  design  data,  procedure, 
source  of  ideas,  etc.) _ 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or 
dollars  saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please 
elaborate.  _ 


4.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports? 
(Indicate  changes  to  organization,  technical  content,  format,  etc.)  _ 


BRL  Report  Number  brl-tr-3281 _  Division  Symbol 

Check  here  if  desire  to  be  removed  from  distribution  list.  _ 

Check  here  for  address  change.  _ 

Current  address:  Organization  _ 

Address  _ 


Department  of  the  Army 

Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


OFRCiAL  BUSINESS 


BUSINESS  REPLY  MAIL 
nilST  cuss  KRWT  Ng  0001,  m.  M 


Postage  will  be  paid  by  addressee 


NO  POSTAGE 
NECESSARY 

IF  Mailed 

IN  THE 

UNITED  STATES 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


